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ABSTRACT

The Cosmic Ray Experiment (CRE) is one of the modules flown on board the
KKITSAT-1 satellite and consists of two sub-systems: the Total Dose Experiment
(TDE) and the Cosmic Particle Experiment (CPE). The purpose of CRE is
to characterize the space radiation environment as encountered by an Earth-
orbiting spacecraft. KITSAT-1 orbit is dominated by the inner Van Allen
radiation belt. This region has a large population of high energy protons which
contributes significantly to both long-term and transient radiation effects. The
data shows that the inner Van Allen radiation belt is very stable and the solar
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activity influences the CPE, TDE data and SEU (Single Event Upset) rates.
The result also shows that much larger high energy particle flux is recorded
than the predictions of the CREME code.

1.4 2

KITSAT-19] = Space Radiation $7-& ZA}3l= Cosmic Ray Experiment (CRE) mod-
uleo] &A= o glt}. o] Space Radiation 42 I A LA S5 2 U AFALANA A%
2] ©F27 systemitT B A3 Qe Frh A2 22 radiation $7 o] 919l 713
4= 91 o 3F(Tascione 1988) 22X = Single Event Phenomena (SEP)& & 4 22 SEP9]
= Single Event Upset (SEU), Single Event Latchup (SEL) % Single Event Burnout (SEB)%
o] ¢t} 18 22, Space Radiation 3732 A3t 21L& o] H T AL T o3 o} O
2 e AEE o] 88 QTN MA L84 712 A8 G zlolth AAR HAbE ] $FA
oaz0] A BE 9l F9 Ao o]¥ Space Radiation $7 & #53}E detector moduleE°l
A

KITSAT-1& o & 712 module® 745 ¢ 91 oo CREX DSPE (Digital Signal Process-
ing Experiment) ¢} 7] ¢ 238 TR moduled A 332 9132 CPE(Cosmic Particle
Experiment) 2} TDE (Total Dose Experiment) & ¥ F£ 2% T4 5o 9ltt. KITSAT-1¢]
A 5= FoJ13A) protono] 3 2 X5 inner (‘hard’) Van Allen beltell ¢1x|8HA Ht. o] 4
& o] = long-term¥} transient radiation A3} BF& FE 30MeV 0] 39 protonEo| & 3}9],
%3] Van Allen belt7} 7] 283} 23 3 South Atlantic Anomalysll A= 2 #] protonE ]
QB2 AskA v Bt} nheld CRES Ao KITSAT-10] A28 o] 3 electronics®] A% &
ololp = Z g2 A3yt @ Zolth. CREE o} 2] % trapped proton¥ B & Galactic Cosmic
Ray (GCR)3} solar flarest #7] 22 Solar Cosmic Ray (SCR)$ = #5% F J=5 45
Aty weld, CRE A8 A3s g el &50] A7 radiation Aol = 9F& A7 F
2 28 7t € Zlo|th
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CPE (Cosmic Particle Experiment) 2] 532 KITSAT-1 F ol A9 radiation 37 o]
914 ob&o| 2= Linear Energy Transfer (LET) & 233 Zlolth (Min et al. 1993).
CPES} 22 solid state detector 2t #| 2 &80o] 47] o £oll B olg] APESAME A
a5 9=d CPES #e 729 detectorME U.K.& Cosmic-Ray Effects and Dosimetry
(CREDO)(Underwood et al. 1992) 9} Concorde, Space-Shuttle, UoSAT-3o] A 2] 2l
o], ol E¢] AE CPE 9] datat A3 v|iL7} 743tk CPES] AA ¥-E& 30mmx30mm,
active area’} 900 mm?, depth 300 pm¢) silicon diode2 o Ut S 9 Q] 7} E o]
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detector®} AlA 32 E3}3}9, silicon?] bound electronE3}2] Coulomb interactiono] £]3
AR & Agdc} o] o] A& charge carrier?] | 2 Vel AA i Al AdE
Aol AR YA v ER A7) Adle] & THA AED AR A E ¢+ A
t}. Multichannel analyzeroll Al 2} channel® A Aol A 7] A& 0.05 pC ¢] 32, o= LETZ
16 MeV/(g/cm?) o &) 33t} o] 3 channelo] 512 7} 7} Bof A &3 A3} W= 0.05 pC
~ 25.6 pCol Z, o] gt 5202 YASE Pxte] LETZ B4ks] 29 16MeV/(g/cm?) ~ 8230
MeV/(g/cm?)ol & B3ttt CPE2] 512 channel 5 A 470 ¢] channel® detector®] threshold
gk o8l A 2n)7) glex g AANZE= 508702 channelo] A4t} PIN diodedl 471 A3}
T charge pulse 137} 5| B2 o7& FE3 A analogue to digital converter (ADC)ell 71 5%
Shoh, AA Ao M= 1502 F ¢ countE 311, o] AHE 49 WHEIA 6002 T2 countd 2
M7} 3lue] data packeto] HE& 3ttt 18 22, CPEE 2% 3029 position resolutiong&
742 A =t} CPE analog boarde 1 cm 5719 %% aluminum shielding boxel] #¢] gl
o ©]71& $1/3¢] South Atlantic Anomaly (SAA) F4-& 7'd o, 7}% sensitived channels]]
A ] countZ} 2% 10,0008 d2] A count +£E A 3H3}7] galAdelt}. o] A detector
system < dead-time©] 10 seco] 2 & 2% count47} 100,0007+2] &3 715328 MAE S U
ot 23382 F detector A9 total counting efficiency 7} 98% & Tl o] &1},

TDE(Total Dose Experiment): 91437} A 5252 stAA KITSAT-1 &) o5 913
o] A #ro] = ionizing radiation& &3 3l A Fo|th Al M F = solid-state RADFET dosime-
ter (modified p-channel MOSFETs)7} A}48 1t} (Holems-Siedle 1974). UoSAT-52] TDEZ
UoSAT-3 TDE¢] ®idolm g TDE datag KITSAT-1 TDE data®} A F v 7] 2 4 Ut}
TDE®9] AlA 2+ ionizing radiationol] sensitive3}E = gate-oxide7} 0.1 pm o] A F7& solid
state 'RADFET’ dosimeter7} 18 7] A5 o] 423tk RADFETS) radiationg %o] %A
= 9 space charge effect o 2J3] A gate-oxide) trapped holeo] A71t}. o] chargeEol 2 A
FET9] threshold voltage shift7} A 7174 €} 2t RADFET WA= 3 #2] p-channel MOS-
FETZ 5o 2led, § 7] & unbiased Ael 2 A4 T2 Uwj7] 3 7= 24 k= 59 biased A&
HE v ol 9 o] F 712 A9-8§ A ZEe o]+ RADFETY gate-oxideo] &= radiation®
o]8) M = charge carrier7} M 71A 5 Aol 28} A = 9 4] charge carrier €] electron-hole pair7}
A1 22 o] zl9] threshold voltageo] W& v]x|7] o Folt}. 282 WS AN =238 ¢
g A= o thermal effect & wj F:o]of Brh. 4 Aa] 2 R¥o] Hol: dose o ¥& & 3}17] 9
A TDES] M= o8] o 9123tk TDEE 3 32 A9 212387 mfid sl 5
ztatz] Al g RE A4 AEh KITSAT-1 2 322 RADFET® effective shielding 7
7} B t2E R zF RADFETS] data& vl s 29 shielding %7} w}a} radiation B7 0] &
T dFE w2 & + A& sloltHFreeman et al. 1978).
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B ¥ 252 ¥3ol m}E CPE datad] W3sHE dolry] ¢ls] 4 34 13U o] 34 3 solar flare &
ol 2 S0} o] flare Z A7) QYA E o] 2] Fof] EeHal7] 747 = o] Eo] A =0 radiation belto]
FT ol flareo] FFE dotry] 1EA YAIE Bol B U SAASIM S CPE datag B 1
Y13 goh 39 159, 39 179, 39 2492 A7) 2 go] wal A channelo] AA A4
count 7t FolA & & = YUk AT 3Y 17U o} 3 24 9] datast 39 1599 dataE 7+
A3 vl & B8 spectrum®] hardnessoll = W dto] itk &, o}H £ % channeld] 7} Ad) 3
o8 58 EAY B4 sty AAY flux flare o] ol SAT 2 fluxE #4833 o
E 9AEY LET #4u e d3sithe 2488 €2 vk 2o ZFA 3 8 ] flarewt
e okEo] sl A7) EAYAAE 2 A A 02 inner Van Allen belt & A48t 20} ofet o]
U] W71t A5 2o ola] FAAI AT o] A FHMA AT A7 B Fa| &
(CRAND theory) 7+d 2 999l0] 57) wj Fo]ti(Parks 1991). o] & slwF b= T dhjo] ZA
T HEY trlel s A A§Y el 24EQ alpha A7 @&vl A9 radiation
belt A= Ae] WAR 9= thi= Bo|h(Freden 1969). KITSAT-1¢] Zzk= DMSP/F7
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2% 2. 2R A 39 159, 179 ¥ 249 2] LET spectrum.

satellite o] 1983%d 129 %¥ 1987 10¥ 742 2% 800 km ol A solar maximum #23} solar
minimume®] A ¢] proton spectrum< 43 Aole F A %} &, solar minimum  solar
maximum ) A flux 2] ¥3t= 2A2A 7 proton spectrum o ¥} oy B3 HAoH
(Gussenhoven et al. 1988). CPE 4 #2] A3}= 1310 km KITSAT-1o 718 & 48& = 7
< high energy trapped proton© 2 total flux%2 ® %2 & ute} A AT 2 34 ¢
Zhe] = dAsohe S oloprlE F3 A

39 139 solar flare &) ZA W M 2] CPE datag] ¥ 13 18] SAAMA W3l =
2 g2k 29 29A 5 29 1A Kol 2l g S Asst ¢lr)y. Flareo] ojsiA A
2 A JAEL FAPAME A7) o] B3l7] wEel Lorentz forceoll o]s 77] o) 713 A
#7189 4L @2 magnetotail ZoZ Ztrhsl A A EZ|e 2 S0 oA HEZ 1 W3} solar
flared}= 2 #AA 7} §A 9h =3 9A 22 L-shell parameter?} 3o golnz FZoA
*= proton KT} high energy electrone] 2 A 7} ¢1& Ziolt}. L-shell parameter{Mcllwain
1961) ¢} CPE data Alole] BAIE doluz] 918l A 69 119 3% F<¢e] CPE data channel 4
£ L-shell parameteroll e} count & FEA| 8 #lo] 29 3ol o 7]l A B 1.3 L-shelloll A
] count 7 VEES &4 = I o] ZREE CPEo| ¥4&8& @o] £ 712 inner Van Allen
radiation belt¥ 2 & = gt}



136 SHIN et al.

50000 T T T T T

45000 4
40000 + P
35000 |- e
30000 | 4

25000 E

count

20000

15000

1

10000

5000

1

] [JJ 2 —1. 1 1

1 1.5 2 2.5 3 35 4
L-shell

2% 3. 1993 69 119 CPE data®] L-shellel] @& count 4.

u] 59] Naval Research Lab.ol 4 NASAS] @2 914 &89 283 A datal S8 A
cosmic radiationo] 914 A% AARE v 2= Y FE o) 23 CREME (Cosmic Radia-
tion Effects on MicroElectronics) model(Adams 1987)& 7=t} o] CREME model 3} 41 4]
CPE datagts} vlZal| 7] 98 A SAACA 39 24Y 24 CREME model 2 simulation & 2.
@ CPE channel 4 ¢] LETol &] g8} 60 MeV/(g/cm?)2] 2% $140] 103] A & 3] A &=
T Fluencert 7.0x10° B = A A= A}, o] Ao CPE detector Area (900mm?)3} solid
angle (47) 8t CPE % 7§ 9] channel 99} (16 Mev) 9} 9189l #2533 A2k ] (8/10)& 7
3t 39 2492 CPE data?] channel 48} 23 n)2s] & 2= 9o}

900mm?

n 8
G
f. —— g _ = t
O X 10 X 677-“712 X 4 X 16 X 1013352 coun

cr

2 AA 39 24U KITSAT-1¢] A7 & 89 gA3AA channel 49 count B & 2=
1435939 o]l o2 CREME simulation A3 ¥ ¢} k7 ¥ 9 4 Qo).

32 TDE

TDE sensor ¥#%] p-MOSFETS® gate-insulatord] dose7} %o)7] =@ threshold volt-
agert 22 Hbd ojrle] exo AHE W A= 27 49 20 29 oA 2E 135
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A @7E8 solar geophysical datadl] vteR B o] 54 XUk F, 1Y Hjde] &F
o] 3 gl on 290 24y, 3YHE XFH &5 gL AA. TDE 71&719] 2
¥ 5 (c)¥ RADFET 13 RADFET 39] 7] &7] Xol& vepd 210 1937 69l = 71-&7]9
zto] 7} Atttz T8 89ol e Xelzt AolZth. 1Y 59 (a)oh (b)ollM B THI 8o =
RADFET 39 7] &719] #she A9 gidsdl &l RADFET 1& 71&719 $71%¢] 3A 49
o] AE& ¢ 4 Atk KITSAT-19] A 2] radiation$73 2 3A AR 2 138 5 sl A
Ao W37 %= trapped high energy proton, E# = WStz A3 wpg 499 AAE, A=
< A 3 Galactic cosmic ray 8} ol &8 4= g1 solar cosmic rayo|t}. o] Al 7}7] 91218 tjA] 37
o] LET 9922 & 5 it
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e High LET : proton (< 100 MeV), Galactic cosmic ray (GCR)
o very High LET : 3917 proton, GCRY W3- A4 5

Aluminum shielding®] 717} 749 A4S electron®] Bremsstrahlungel ]33 o2 At
o] golx 22 RADFET39] low LET 4 #of &= Bremsstrahlungo] ¥3 &8 A stA D).
RADFET1e] 4= high LET A o] RADFET3o] ul&] Fa) radiation eflectell &}~ 3 vl
&o] A7) o Fo whek high LET A ¥o] ZojEctd RADFET3e) ul&] A3 22 radiation
dose7} @o] &1 & 7ot} Shielding F717} 32 RADFETI1¢] radiation %Fo] RADFET3¢]
radiation ol vlal] A& oz FolE 21 high LET Aol &7 W&ol Azhant. o
71l A 7, 892 CPE data2] high LET 3ol th& doll vja] ol 53 o] U= AL
3] 2 "U87t vt zH LET A %9 7158 dotry] 918lA CPE2L] channel& 4 714 Fo
A2 A% CPE datag channel 3(4A CPE 12 ~15 channel)9] count =& 7|22 Arj
A Q) count =2 Vekdlol w13 62] channel 1~3 (ZF 2 A7 CPE 4~7, 8~11, 12~15
channel) low LETe| M= 793 89 (day 190~day 240)°] o} whol vjs] A & 3ol 7} A
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